Introduction
In a recent paper on 'Multi-element signatures of stream sediments and sources under moderate to low flow conditions', Stutter et al. (2009) presented results of a simple sediment source tracing method based on major and trace elements for a small agricultural catchment in north-east Scotland. The authors reported statistically significant, larger concentrations of four trace elements (Ce, Nd, Th and Y) in bank subsoils (n=5) and stream bed sediments (n=3) compared to topsoils from both pasture (n=5) and arable (n=5) land. They used these differences to aid discrimination between topsoil and subsoil (stream bank erosion) contributions to bed sediment. These elements may be more depleted in topsoil compared to subsoil because the former have been subject to more intense weathering over a longer period. If these naturally occurring trace elements could be used to understand the relative proportions of topsoil and subsoil contributions to headwater bed sediments this approach might be applied more widely to elucidate transport pathways for the transfer of agricultural contaminants such as particulate phosphorus to streams (Walling et al., 2008) . This approach warrants further investigation across a range of catchments at different scales with contrasting land use and bedrock types. This can be undertaken using data from regional-scale geochemical surveys (Johnson et al. 2005 ) which include analyses of both stream bed 1 sediments and subsoil samples. Previous studies have shown that much of lowland central England is at risk of topsoil transfer to watercourses via land drains (Chapman et al., 2003) . A geochemical survey across part of central England covering 15 400 km 2 was recently undertaken and these data are well-suited to testing whether three of the four trace elements identified by Stutter et al. might be used to discriminate between topsoil and subsoil in sediments more widely. Specifically, if the concentrations of these elements are significantly smaller in stream bed sediments than in the subsoil, this may be due to mixing with topsoils which have lower concentrations of these elements. Below I describe the regional-scale survey, the methods I used to compare the geochemical data in subsoil and bed sediments, and I discuss my findings and their implications.
Regional-scale geochemical survey
The soil and stream sediment sampling was undertaken across the same large region of central England during the summers of 1997, 1998 and 1999 in rural and peri-urban areas; the coordinates of the region are between 400 and 540 km (Easting) and between 235 and 345 km (Northing) on the British National Grid. Elevation across the region is between 20 and 255 m above sea level, with undulating topography. Bedrock in the study region ranges in age from Precambrian to Cretaceous with a wide range of predominantly sedimentary lithologies including limestones, sandstones, siltstones, mudstones, shale, coal measures, marls, ironstones and chalk. There are also extensive superficial deposits including glacial tills, glacial sands and gravels, marine and river alluvium, river terrace deposits, and to the east of the region, peat deposits (SylvesterBradley and Ford, 1968) . Land use is dominated by agriculture: 48% arable and 21% grassland.
Soil sampling locations (n=7288) were chosen from alternate kilometre squares of the British National Grid by simple random selection within each square, subject to the avoidance of roads, tracks, railways, urban areas and other seriously disturbed ground. At each site, a soil sample was taken from between 35 and 50 cm from five holes augered at the corners and centre of a square with a side of length 20 m by a hand auger and combined to form a bulked sample. All samples of soil were dried and disaggregated and sieved to finer than 150 m.
Mainly first and second order streams sites were selected, either avoiding or lo- I then used ordinary kriging to make optimal estimates of subsoil concentrations of the three elements at the central positions of the 1005 catchments where bed sediments had been sampled. Using the data on the log transformed concentrations of each element in subsoils across the region (n=7288), I calculated semivariances using lag intervals of 1 km to a maximum lag distance of 40 km and fitted both exponential and spherical functions to them. I checked for any substantial anisotropy by calculating variograms in four directions, but none was apparent in the data so I proceeded by using isotropic variograms. In each case I found an exponential function was optimal when fitted to the semivariances; the models had nugget:sill ratios of between 50 and 52% showing that there was a substantial proportion of spatially correlated variance in the data. I used these functions to make ordinary kriged estimates (Webster and Oliver , Y concentrations is unlikely to be widely applicable.
